Dopamine receptor regulating factor (DRRF) is a novel transcription factor with unique anatomical distribution and functional properties, suggesting its importance in regulating dopaminergic neurotransmission. To gain insight into the in vivo function of this factor during embryogenesis, we studied its distribution at embryonic days E8-E16 in the mouse using in situ hybridization. DRRF mRNA is expressed uniquely during development at all time points tested with high levels observed at E12, E14 and E16 in various tissues. DRRF expression is also found in particular brain regions, such as the neopallial cortex, olfactory lobe and corpus striatum. This pattern of DRRF distribution during embryogenesis overlaps with that found in the adult brain, and with the expression profile of dopamine receptors both in the adult and during development. Crown
Results and discussion

Embryonic expression of DRRF mRNA
Dopaminergic neurotransmission plays a central role in many brain processes, which include the control of movement, neuroendocrine modulation, and behavior, as well as cognition (Creese, 1987) . The biochemical and physiological effects of dopamine are mediated through its cell surface receptors (Strange, 1993) . In addition to their well-known functions in the mature organism, these receptors are also expressed during development Bloch, 1991, 1992; Cadoret et al., 1993) .
We recently isolated the cDNA for dopamine receptor regulating factor (DRRF; Hwang et al., 2001 ) and found it to belong to the Sp1 family of transcription factors (Suske, 1999) . DRRF modulates the transcription rate of several dopamine receptor promoters and is expressed in various tissues in the adult mouse, but more so in the brain, particularly in regions that have abundant levels of these receptors (Hwang et al., 2001 ). The present study was undertaken to gain insight into the expression profile of DRRF during murine embryogenesis. In situ hybridization with mouse embryonic sections indicated that DRRF mRNA is highly expressed in the neural ectoderm and neural groove, but moderately expressed in the mesoderm and endoderm at the early time points of E8 and E10 (Fig. 1) . This gene is also expressed at late embryonic stages (E12, E14 and E16), where it is distributed uniquely in various tissues including central nervous system structures, nasal septum, kidney, intestine and, to a lesser extent, liver (Fig. 1) . These results partially overlap with those obtained from multiple-tissue Northern blot analysis of DRRF in the adult where highest expression is found in the brain and lower levels are seen in the lung and testes, followed by the spleen, kidney, heart and liver (Hwang et al., 2001) .
At the embryonic stage of day 12, a high DRRF signal is observed in the roof of the neopallial cortex (which becomes the future cerebral cortex), corpus striatum, cartilage primor- In situ hybridization with antisense DRRF riboprobe using 7 mm thick sagittal mouse embryo sections. X-ray film autoradiographs for embryonic days E8, E10, E12, E14 and E16, as well as dark-field photomicrographs from liquid emulsion autoradiographs (right panel) for E12, E14 and E16 are shown. Sense probe gave no appreciable signal. dium of the nasal septum, and intrinsic muscles of the tongue and tail (Fig. 1) . Moderate expression of DRRF is seen in the heart and liver at this time point. At higher magnification, specific brain structures show abundant levels of DRRF mRNA which include the roof of the neopallial cortex, the medial aspect of ganglionic eminence (corpus striatum mediale), cerebellum, ventricular zone of the tectum and roof of the midbrain (Fig. 2) .
At E14, DRRF is highly expressed in the olfactory lobe, moderately expressed in the liver, cartilage primordium of the nasal septum and roof of the neopalial cortex, and minimally in the lung (Fig. 1) . At a higher magnification, a dense signal can be clearly seen in the region of the olfactory lobe, the roof of what becomes the cerebral cortex and the dorsal thalamus (Fig. 3) . The ventricular zone of the midbrain and the cerebellum of the hindbrain also show moderate levels of DRRF mRNA (Fig. 4) .
At E16, high DRRF expression is observed in the neopallial cortex, olfactory lobe, cartilage primordium of the nasal septum, primordial follicles of vibrissae associated with the upper lip, thymus, duodenum and kidney, followed by the liver, heart, bladder and lung (Fig. 1) . At this later developmental stage, moderate expression of DRRF is also observed in the diencephalon (including the thalamus) and Fig. 2 . Dark-field photomicrographs in panels (A) and (B) are from liquid emulsion autoradiographs of E12 mouse embryo sagittal sections hybridized with antisense and sense DRRF riboprobes, respectively. The anterior part of the embryo brain points to the right of the image, and the posterior part points to the left. Panel (C) represents a bright-field photomicrograph of the same brain region counterstained with haematoxylin. Cb, cerebellum; NC, neopallial cortex; GE, ganglionic eminence; T(vz), tectum (ventricular zone); MB, midbrain. Scale bar, 400 mm. intrinsic muscles of the tongue. High magnification analysis confirmed the abundant expression of DRRF in the neopallial cortex, olfactory lobe and diencephalon (Fig. 5) .
In situ hybridization analysis of the adult mouse brain has shown the highest levels of DRRF mRNA in the striatum (including nucleus accumbens), olfactory bulb, olfactory tubercle, hippocampus CA-1 region, dentate gyrus and amygdala (Hwang et al., 2001) . Moderate levels are detected in CA2-3 regions of the hippocampus, piriform Fig. 4 . Dark-field photomicrographs in panels (A) and (C) are from liquid emulsion autoradiographs of E14 mouse embryo sagittal sections hybridized with antisense and sense DRRF riboprobes, respectively. The posterior part of the embryo brain points to the left of the image. Panels (B) and (D) represent bright-field photomicrographs of the same brain region counterstained with haematoxylin. Cb, cerebellum; vz, ventricular zone. Scale bar, 400 mm. cortex, septum and thalamic nuclei, and low expression in the cerebellum. The present observations indicate that there is some overlap in the expression of this transcription factor in the adult and embryo. Thus, the spatial and temporal expression profile of DRRF and its overlap with that of dopamine receptor genes Bloch, 1991, 1992; Cadoret et al., 1993; Fishburn et al., 1996; Diaz et al., 1997) support its function in regulating these genes during embryogenesis.
Materials and methods
Preparation of probes for in situ hybridization
A 390 bp NdeI-BamHI fragment from the 3 0 -untranslated region of DRRF was subcloned into the HindIII-BamHI sites of pGEM3Zf(2) after blunt-ending the NdeI and HindIII sites, respectively, using T4 DNA polymerase (Hwang et al., 2001 ). The resulting plasmid, named pGEM-DRRF, was linearized with BamHI for transcription of the sense probe from the Sp6 promoter and with HindIII for transcription of the antisense probe from the T7 promoter. Both antisense and sense riboprobes were labeled with [ 35 S]uridine triphosphate (UTP) by in vitro transcription using the Sp6/T7 transcription kit (Roche Molecular Biochemicals).
In situ hybridization
Paraffin embedded mouse (strain NIH Swiss) embryo sagittal sections (7 mm) at 8, 10, 12, 14 and 16 days (E8-E16; Novagen) were studied. The sections were treated with xylene three times for 6 min to ensure complete removal of paraffin and in situ hybridization was carried out as described before (Yajima et al., 1997) .
